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Abstract 
A set of silicon substrates processed by compression plasma was studied by means of atomic force microscopy (AFM). AFM 
data revealed a threshold nature (in terms of plasma flow energy) of the formation of tube-like surface structures (SS) observed
as "waves" regardless of the conductivity type, resistivity, and the substrate orientation ((111) or (100)). For the first time
nanoheterostructures Si(111)/NC CrSi2/Si and Si(100)/NC ȕ-FeSi2/Si have been formed on silicon substrates processed by 
compression plasma flow. Avery high density of CrSi2 nanoislands – (2-3)u1011 cm-2 was obtained for Cr-Si system but in the 
case of Fe-Si system the E-FeSi2 nanoislands density was only about 2×109 cm-2. According to the optical spectroscopy data 
during the process of silicon capping layer formation the CrSi2 and E-FeSi2 nanocrystals move up to the surface. 
© 2010 Published by Elsevier B.V. 
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1. Introduction 
The surface structures of a tube-like form [1-3] have been found on the surface of silicon samples processed by 
compression plasma flows (CPF). Their morphology was studied by scanning electronic microscopy (SEM) [2, 3] 
and the possible reasons for the occurrence of such structures [4] have been theoretically analyzed. Such surface 
structures have a new crystal structure and interesting optical properties [5]. Silicon – silicide - silicon 
heterostructures grown by consecutive plasma-epitaxial synthesis can be useful for design of new thermoelectronics 
devices. 
A purpose of the work is to research morphology and optical properties of a plasma-modified surface and bulk 
structures on monocrystalline silicon substrates after the growth of CrSi2 and E-FeSi2 nanoislands and silicon 
capping layers by means of reactive deposition epitaxy and molecular beam epitaxy (MBE). 
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2. Experiments 
Compression plasma flows were generated by a quasi-stationary plasma accelerating system named a 
magnetoplasma compressor (MPC) of a compact geometry whose energy storage system consisted of a 1200 PF
capacitor bank with an initial voltage changed from 2.8 to 4 kV (IPh, NAS of Belarus). The MPC operated in a 
residual-gas regime in which an accelerator vacuum chamber was first pumped out and then filled with nitrogen to a 
preset pressure (100-1300 Pa). Under these conditions, a compression plasma flow 6-12 cm long and ~1 cm in 
diameter in the area of maximum compression develops at the output of the MPC discharge device. The plasma flow 
in the MPC is compressed due to the interaction between a longitudinal component of a discharge current swept 
away from the discharge device and azimuthally self-magnetic field. The presence of the "swept-away" current in 
the plasma flow is caused by the magnetic field frozen into plasma [2]. , following which it starts disintegrating [1]. 
A set of twenty silicon samples has been prepared. The samples of a high-purity monocrystalline silicon wafer 
(17×5×0.35 mm) of (111) and (100) crystallographic orientations with different types of conductivity (n- and p-
type) and different values of resistivity (0.3, 1.0, 4.5, 7.5 and 10.0 :cm) were exposed to plasma flow. The samples 
were mounted normally to the compression flow at a distance of 12 cm from the tip of the MPC discharge device. 
The initial MPC voltage was changed from 3.0 up to 3.8 kV with 0.1 kV step. The incident compression flow gives 
rise to a shock-compressed plasma layer near the sample surface. It is noteworthy that the deceleration of the CPF 
with the frozen magnetic field is accompanied by the formation of current loops [2]. 
The CrSi2 (or E-FeSi2) nanoisland formation and the Si top layer overgrowth took place in the UHV chamber 
with a base pressure of P = 10-10 Torr (IACP FEB RAS). The chamber was equipped with both a Cr (Fe) 
sublimation source for the Cr (Fe) deposition and a sublimation p-type Si source (Np =1u1016 cm-3) for the MBE 
silicon growth atop CrSi2 (or E-FeSi2) nanoislands. It was also equipped with an Auger electron spectrometer (AES) 
used to measure the impurity concentrations on the Si surface before and after a cleaning procedure. Cr (Fe) and Si 
deposition rates were controlled by a quartz thickness sensor. The Si samples were annealed by applying a direct 
current.
The topography of samples was investigated using a Solver P47 atomic force microscope. Images of a surface 
have been obtained in semicontact and contact modes. Optical spectra of the samples before and after the Si 
overgrowth were investigated using a Hitachi H-3010 automatic spectrophotometer (0.2 – 1.1 microns) at 300 K 
(IACP FEB RAS). 
3. Results and Discussion 
AFM-studies of all the samples exposed to compression plasma flows confirmed a threshold nature of the 
formation of tube-like surface structures (SS) observed as "waves" regardless of the conductivity type, resistivity, 
and the substrate orientation. The surface structures start to form at the MPC initial voltage of 3.0 kV and disappear 
completely at 3.6 – 3.8 kV. The latter being the case, the sample surface becomes strongly disordered (root-mean-
square roughness – 150 – 250 nm) which is confirmed by the transmission sharp decrease in the photon energy 
region 0.7 – 1.0 eV. The transparency of the samples with surface structures remains high at the MPC initial 
voltages of 3.0 – 3.2 kV, after which (3.4 – 3.6 kV) it reduces. According to a data on reflectance spectra, the 
reflection coefficient in the photon energy range 1.5 – 6.2 eV decreased and the 0.2 – 0.3 eV shift of the 4.5 eV peak 
towards the higher energies was observed which corresponded to the Si amorphization after plasma processing. 
A new low-temperature (LT) ultra high vacuum cleaning procedure suitable for CrSi2 (ȕ-FeSi2) nanosize island 
and Si overgrowth upon Si substrates after plasma processing has been tested. The sample kept at Ɍ = 850 0ɋ was 
exposed to the Si atomic flow with a small rate of about 0.1 nm/min for 15-20 minutes, which provided the 
decomposition of SiO2 first to SiO and then to Si and O2 (gas). AES data showed that the oxide was completely 
removed whereas the removal of carbon contaminations from the silicon surface was only partial. This fact confirms 
a carbidization of the Si surface during the plasma processing. So, only the oxide cleaning of the Si surface with 
insignificant carbide traces has been achieved after LT cleaning procedure in ultra high vacuum conditions. 
The CrSi2 (E-FeSi2) nanosize island (nanoislands) formation and the subsequent Si overgrowth atop surface 
structures formed by plasma processing took place after the LT cleaning procedure. The Cr deposition (0.3 nm) at 
500 oC on the surface structures after their cleaning from oxide has resulted in the CrSi2 island formation featuring 
very high density (about (2-3)u1011 cm-2) and a small size (10-15 nm) (Fig. 1). This density is maximal for the Si-Cr  
40 N.G. Galkin et al. / Physics Procedia 11 (2011) 39–42
 Author name / Physics Procedia 00 (2010) 000–000  
system after the RDE process. The reflectance spectrum from this surface shows an additional contribution at about 
2 eV that corresponds to CrSi2 interband transitions. Iron silicide islands were formed after the Fe (0.2 nm) room-
temperature deposition on the surface structures after their cleaning from oxide and following annealing at 630 oC
for 30 minutes. In the Si-Fe system, the islands of semiconductor iron disilicide (ȕ-FeSi2) 100-180 nm in size with 
density of 2×109 cm-2 were observed to form. Upon silicon imperfect cleaning from the carbon traces and the iron 
disilicide island formation, quasi-periodical hexagonal structures develop. The walls of these structures are supposed 
to be built due to the alignment of silicon carbide granules along the silicon nanowires that were formed during the 
exposure of the sample to the compression plasma flow. 
After the Si MBE overgrowth at 700 oC on the samples with CrSi2 nanoislands, the polycrystalline silicon layers 
of different grain sizes (100 – 200 nm) have been obtained. The silicon layers (50 – 100 nm thick) cover the entire 
substrate surface atop the surface structures and CrSi2 nanoislands. The reflectance spectra (Fig. 1) show an 
additional contribution from the CrSi2 nanocrystals (NCs) at 1.5 – 2.2 eV that corresponds to moving of the CrSi2
island up to the surface (“floating”) during the MBE silicon growth at 700 oC. It is possible that CrSi2 NCs moving 
throw the rather wide silicon grains boundaries. During the Si MBE (200 nm) growth atop the nanosize ȕ-FeSi2
islands at 700 oC, the continuous Si layers are grown which consist of coagulated polycrystalline grains. Methods of 
Fig. 1. AFM image of  A4 after Cr deposition (0.3 nm, T=500 oC).
Fig. 2 Reflectance spectra of grown samples with CrSi2 islands and buried CrSi2 NCs compared to the monocrystalline Si 
without CPF modification. 
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optical spectroscopy, Raman spectroscopy, and atomic force microscopy confirm that the process of silicon–
silicide–silicon nanoheterostructures is resulted in the “floating” of CrSi2 NCs in the subsurface region of the 
covering silicon layer. For E-FeSi2 nanocrystallites, this process is also appears to be observed.  
4. Conclusions
A set of silicon substrates processed by compression plasma was studied by means of atomic force microscopy 
(AFM). AFM data revealed a threshold nature (in terms of plasma flow energy) of the formation of tube-like surface 
structures (SS) observed as "waves" regardless of the conductivity type, resistivity, and the substrate orientation 
((111) or (100)). The polycrystalline Si(111)/NC CrSi2/Si and Si(100)/NC E-FeSi2/Si nanoheterostructures with 
embedded nanocrystals of chromium and iron disilicides, have been formed for the first time by a method of 
consecutive plasma-epitaxial synthesis on the cleaned silicon wafer surface preprocessed by the compression plasma 
flow. We obtained a very high density of CrSi2 nanoislands – (2-3)u1011 cm-2 but in the case of E-FeSi2 the 
nanoislands density was only about 2×109 cm-2. According to the optical spectroscopy data in the process of silicon 
MBE CrSi2 and E-FeSi2 NCs move up to the surface. 
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